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LOW-SPEiED ' INVESTIGATION OF THE WETS OF WDlG D m M L  

ANGLE "X0 FIN LENGTH ON 'EIE STATIC STABILITY 

CHARACTERISTICS OF A MODEL EAVING 

By Kenneth P. S p r e e m a  

An investigation w a s  conducted i n   t h e  Langley 300 MFE 7- by 10-foot 
tunnel ct, dynamic pressures or" 40 an6 60 pomds  ger  squaze foot a-d 

the mevl aerodynunic  chord, to  deterxice the effects  of chm-ges i n  wing 
dihe6rel  mgle md lecgth md position of f i n s  051 t he   s t a t i c   s t ab i l i t y  

angles of Oo and 230' a-d three  f ins  of difl"erent  lengths mounted ebove ' 

and below the  fuselage were investigated. 

. corresponding lieyxolds numbers ol" 6.09 X lo6 a d  7.42 X lo6, based on 

I chexacteristics os" m 82O delte-wing-body configuration. Wing dihedral 

Cnznges i n   t h e  wing dihedral fram 0' t o  f30° reduced the  l if t-curve 
slopes or" the  nodel. These refiuctions i n  the  Lift-curve  sloges were 
rer"1ected i n  the  6reg pol=, so that apgrecizbly  higher dreg at a given 
l i f t  coer"flcient w a s  evident for the wings w i t h  dihedral. A l l  three 
conplete-model  configurations were longitudinally steble tIhrough most 
of  the  zngle-of-attack  range. 

A medim  lecgth f i n   t h a t  extended from the point  about which the 
mamer-ts were  measured (about 58 perceot of the  fusel-e length) to 
approximately 95 percent of the  fuselage  lengti,  provided the greztest  
direct ionel  stability. All configurations w i t ? ?  f ins  on tog  of  the  fuse- 
lage hzd posit ive  dihedral   effect  through  the l i f t  racge; where-, for  
the  configurEtion  with  the f i n  on %he bottc!,  negative  dihedral  effect 
occurred fo r  a l l  f i n  lengths in   t he  lower l i f t  range. Moreover, the 
configuration  hviag  the  large fic below t're body, fn combination with 
the 30° dihedral wing, provided  increasing  values or" negative  dihedral 
effect  with increasing  mgle of attack. 
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An a i q l m e  configuracion  mployirg  highly swe>t delta W-ngs i n  
cmbination v i t k  a higk;-:ineness-r&tio bo6y has been considered as a 
possible Esrmgement f o r   f l i g h t   z t  high su2ersonic  speeas. 

A law-speed investigation of one variation of 8 model tha t  might 
meet these reqctirements is reported i n  reTerence i. The :resent imes -  
t igztion  also was  conducted a t  low speed; however, the rzodel configure- 
t ior? is sayewbat differ--t frat tha t  cf refererce 1 m-d soxe aCiditiona1 
v~iriables  are  considered. Tne greseni; wing WBE, trianguler i n  plan form 
md ked a leading-edge sweep angle of 82O snd a~ espect  ratio of 0.56. 
Wing dihedral  angles of Oo md k30° and f in s  or" -Lhree different  lengths 
r n x & e d  eitlier akove or belcw t'ne fuselage  vere  imestigated. The 
investigetion we8 conducted in  the  Lmgley 300 MPE 7- by 10-foot t u m e l  
at iynmic  pressures of 40 m d  60 pounds per  square  foot and corresponding 
Reynolds ambers of 6.09 X io ard 7.k2 X 10 , based on the mem- aero- 6 5 
dynmi c chord. 

'I??e s t a5 i l i t y  aad body exes  systems csed for  presentation of the 
data, together  vitk an indication of the  oositive  directions  of  forces, 
xments, m-d sngles,  are  presented  in f i g u r e  1. Allmorne~~ts  ?re  referred 
t o  the 44.2-percent-c?ord point o r  the mean  aeromunic  chord which i s  
located EZ 58.2 percent of t3e Sody length. 

CA axial-fcrce  coefFicient, FA/@ 

CD &rag coefficient, m/qS 

CL l i f t  coefficieEt, FL/qS 

c1,s roiling-moment coeff ic ient   referred  to   s tabi l i ty  axes, 
&+Sb 

ci rolling-mozent  coefi"icien5  referred t o  body Exes, MX/qS~ 

% pitching-nment coeff ic ient ,  My/a_SE 
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yewing-nomen% coefficient  referred t o  s t ab i l i t y  axes, M,,/qSs 

yewing-moment coefficient refe-Ted t o  body axes, M,/qSo 

side-force  coefficient, Fy/qS 

exizl force,  positive =lop4 -X-axis, lb 

drag  Torce, pcsitive  along -Xs-exis,  lb 

lift force,  Positive  along -Zs-axis,  lb 

normal force,   sosit ive elong -Z-axis, lb 

side force,  positive  along Ys- or  Y-axis, lb  

rol l ing Eoment about  the X s - e x i s ,  posit ive clockwise looking 
fornerd, f t- lb 

rol l ing manent a30u-t the X-ais, posit ive clockw5se Looking 
f o w u d ,  f t- lb 

pitching manent about  tke Ys- or  Y - e x i s ,  Gositive nomepk 
reises  nose, ft-lb 

yawing nnnent  about Z g - a i s ,  gosit ive moment rotates  nose 
to right loolking forward., T-L-lb 

yawing moment about Z-axis, posit ive monent rotates  nose t o  
right  lookips forwmd, f t - lb  

axes i n   s t a b i l i t y  system (Tig. 1) 

axes in body system (fig.  1) 

wing mea, sq 2-L (includes mea within fuse1-e) 

W L E ~  spm, 2.28 f t  on model 

=em eerodynamic chord. of wjng, - Jd"" c2 dy, 5.25 f t  s 
on model 

local  wing chord, p m a l l e l   t o  plane of symme-l-ry, f t  
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chord of l a rges t   f in  at intersection of f'uselage 

9 dynmic  presswe, lb/sq f t  

v free-stream  velocity,  ft/sec --' 

a m z l e  of attack, deg 

P angle of sideslip,  deg 

A ieding-edge sweer, angle, beg 

r dihedrel  angle, deg 

(Cn,sjp = acn9s aP per deg 

per deg 

cyp - - - per deg 
aP 

The nodel was tested on a single-support strrlt in   the  W-gley 300 MPH 
7- by IO-fcot tunnel. 

Tine model corsisted of  an 82O swe?-t triangu1.w wing and ve r t i ca l   f i n s  
of three  different  lecgtbs  attached  to a cylindrical  body of fineness 
rat50 lo.'+ r.rita an ogival nose as shorn i n  figure 2. Tie wings m d  f tns  
were n d e  of l/2-inch p'lywood with beveled  trailirQ; edges and rounded 
lerding edges.  Three 8ihedral  angles (Oo mci +30G) were employed on the 
;rodel. P r e e  f h s  zf difTerent le2gtk2s  ebove a d  below the  f'uselwe 
were tested ~ L t h  the Oo dihedral  wirg as s30wn i n  figwe 2. - 
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The t e s t s   i n   s i d e s l i p  were mde at dynamic pressures of 40 pounds 
per square foot;  whereas a l l  other tests were d e  a t  60 pounds per  square 
foot. The corresponding  &rspeeds were approximately 125 and 1% miles 
per hour, and the Reyllolds nunibers for  these airspeeds , based on the mem 
aerodynanic  chord, were 6.09 X LO 6 md 7.42 x 10 6 , respectively.  Forces 
m-d moments were measu-red through an angle-of-attack  range or" approxhately 
-4' t o  35' m6 s sidesl ip  r w e  or" -20' t o  +20°. Tne lateral-paruneter 
t e s t s  were made at k5O sidesup through en angle-of-attack range of -4' 
t o  350. 

Three f ins   lengths   in  combination with the 0' dihedral wing were  
tes ted above and below the fuselage. Tests were elso m a l e  w5th 30' nega- 
t ive  dihedral  and the l m g e s t   f i n  above the fuselage, and with 30° dihedral 
and the largest  T i c  below -the fuselage. 

Blockzge corrections were determined by the method of reference 2 
and were applied t o  the dynamic pressures. Jet-boundary corrections, 
applied to the   mgle of attack and drag, were calculated by the method of 

for  a longitudinal  static  pressure  grdient  in  the  tunnel.  
. reference 3 .  A buoyancy correction was applied t o  the data t o  account 

The date are presented i n  figures 3 t o  8. Tie la te ra l - s teb i l i ty  
pmazeters  presezted  in  figures 6 t o  8 were evaluated from angle-of- 
attack tests at p = f 5 O .  

Longitudinal  Stabillty  Chaxacteristics 

Lift, drsg, and pitching-moment coefficients  about  the st&bility 
sxes , and normal md axial  forces  about the body axes f o r  the model with 
Oo and *30° dihedral and the Paselage  alone are presented i n  figure 3 .  
From figure 3( a) it can be observed that &&- i s  reduced  &bout 20 
to 30 percent above an  angle  of  attack of 8' when going frm a dihedral 
mgle  of 0' t o  k3Oo. These changes i n  &!@a are further emphssized 
i n  the data of figure 3(a) concluded which show cons-i-derzbly  lower drag 
dze t o  l i f t  for   the Oo r wing. This decrease i n  drag is approximately 
proportional  to  the  increase  in &@a. . 

All three wing arrangements  generally  provided  stable  >itching- 
moEent characterist ics , except at very high angles  of  attack  (2ig. 3( e) 



concyded) . The lmge dLfPerences i n  pitching-roment  coefficients a t  
zero  angle of at tack for tke  Sifferent  configJrations r q y  be  ceused 
largely by stmt-tare  efTects - also,  deviations frm syxmetAry for  t:ie 
different  mcdels nay have contributed  to  the  results shown Fn 2igx-e 3. 

P-e nom-al- and axlal-force  coefficients (bc2y-axes deta), presented 
i n  ZlgJre  3(b), bear the expected relation  to  the  previous  s%&bili ty- 
exes resul ts .  

Latersl-Stebility  Charac5eristics 

Ete l a t e rd - s t ab i l i t y  data are presented i n  f igares 4 t o  8. LzteraL 
coefficients of the  Oo dihedral wing shmn in   f igure 4 inc2icate  small 
mounts or" directional  ir-stabil i ty aboat the   s tab i l i ty  exes a t  0.2' and 
16.4" mgLes 05 at tack  in   the medi-m 8 range; whereas a% 2h . 5 O  angle 
of &tack the model was steble,   al though  nonlinearit ies  existed  at   al l  
mgles cf attack.  Figure 4(b) shows that  with respect t o  the body axes, 
considersble  directional  hstebil i ty  existed et angles of attack of 16h0 
axd 2lc . 6 O  throughou% the p rmge.  Positive  dihedral  effect  (negative 
Czp) was indicated  regardless of wkich a e s  system w a s  comidered. 

With a cegetive  dihedral  mgle 05 30' the model WES directionally 
stable about  the  sta-aility  axes  (fig. 5(a)j. However, w i t h  respect  to 
the body %xes (f ig .  5 (b) )  the m s d z l  V E S  about neutrally  stable at 16.4O 
but became quite  ucsta5le at 24.6 . Since  tke  nodel  sapposedly was 
la teral ly   s~pmetr icel ,   the  asynmetry i n  YIe yaving  nonents i s  unexplain- 
abie  evept For Yce gossibi l i ty  tha t  the  f in,  wklch was attached  to the 
f i s e l e e  'cy mew-s of three  sets sf mgle  krzckets, nqy have been asym- 
metrically  deflected under Lad. 

Ih gezeral, the vsr ia t iom of lekeral-stabil i ty p.xameters with a, 
&xd CL f o r  a l l  configurations were nonlinear,  especially  in  the  high 
mgle-or"attack m d  l i f t  ranwe. .The la teral-s tabi l i ty  parameters of 
tne Oo !? Eodel witk three  different  f in  lengths above the  fcselage ad 
of  the -300 I? model wit ;?  the  large fin are preseEted in   f igure 6. O f  
the  three  fins  investigated T d t h  the wing &-t Go I?, the medium-length f i n  
=?peared t o  prcvide  the rrost desira3le  directional-stability  c3aracter- 
istics.  Tie  directior-a1  ins%ability of t he   mde l  with the  longest  fin 
me;y be ettri5uted  to  the  destabilizing  contrfbution or" the portion of 
the -+Ln eead of tke balance  center, whicn, when combined W-th the tulsta- 
ble monent af the  fuselage  alone, wes sufTicient -Lo nuLlim  the stabi- 
l iz ing rozeEt of tce af't portion 05 tile  ?in,  figures 6(a) and 8(a). The 
-30° I? wiEg contrYixted  sufficienk  directicnaL s t ab i l i 3  t o  make the 
nodel stable Ei3O~t the stEbiLi-L;r exes,  although  sone  insta3ility H t h  
respect %o tke Sody axes was Cndicated. All tile  configcrr&tions of fig- 
-;re 5 ( f i n s  on 5 ~ p  of fuselege)  possessed posi5ive dihedrs: effect .  



The zbsolute magnltude of Cyp XES Lncreased by the negatLve dihedral 
wing (fig.  5(a)), which could be expected 8s a resu l t  of f i e  increased 
side mea of the model when projected i n  the  vertical   plsne.  

Tie la te ra l   s tEbi l i ty   parmeters  02 t'le 0' r model with Khree f ins  
or' different  l e e h s  below the'  fuselege m d ,  in  addition, a 30' model 
wit22 t ' re  largest   f in  are  presented  in  f igure 7. The lmges t   f i n   i n  cam- 
binEtion  with  the Oo wing resul ted  in  a d5rectior.all.y  unstable  config- 
uretion  throughout  the OL m& CL range. D-e two s m l l e r   f i n s  provlded 
merginal  stability  with  respect t o  e i ther  axes  system  through most renges 
of a a d  CI;. (See f igs .  7( e) aril! 7(b ) . ) With 30° I' and the l z g e  Tin 
on the bo t tm,  the model was stable about t he   s t ab i l i t y  axes  below 32O 
angle of attack. With respect t o  the body a e s ,  the 30° configuration 
gEve large  bcreases in direct ionel   s tabi l i ty   with 0: a!.! CL. For a l l  
three   f in   s izes  on the bottom of the  fuselage,  the model T i t h   t h e  Oo I? 
uing hzd negative  dihedrel  effect et  low angles of attack  md  positive 
dihedral   effect  at high  mgles .of attack; wkereas f o r  the 30° I' config- 
uratioa  the  negative  dihedral  effect  increased  in magnitude with  angle 
of attack. The derivative Cyp was very large, p w t i c u l m l y  at high 
angles of attack, f o r  I&e 30° I' cor?figwa-tion. 

e 

Lzteral  stability  derFvatives  obtained f r a m  breakdown t e s t s  of the - Oo I' configuration  are  presented  in  figure 8. A%we an angle of' attack 
of about IOo t&e d i rec t ione l   ins tab i l i ty  of wing-fuselege  combination 
was greater  than  that of  the  fuselege aloDe. The wlng contributed 
increasing  positive  effective  dihedral  with  Lncreasing angle of  a t tack 
on the   s t ab i l i t y  2xes systex and a smevhat  similar  ei'fect,  althocgh 
smaller,  with  respect t o  the body axes. The fin contributed e. reason- 
ably  constant  increment of positive  effective  dihedral  through  the  mgle- 
of-attack  range for t he   s t ab i l i t y  axes system, however for   the body axes 
the  cor-tribution  increased ebove about 15' =*le of attack. The displace- 
ment of from 0 f o r  the  fuselsge  alone  (fig. 8) is not  clearly under- 
stood. m-is discrepzncy r n ~  resu l t   in   par t  t o  sone asymmetry ei ther  i n  
the model-supTort fa i r ing or in the  tunnel eir f low.  In eddition,  the 
accuracy  level of  the measurenents would be  expected to  came  sane small 
errors.  

ZP 

An icvest igat ion  a t  low speeds of  the  s tEt ic  stEbi1Aty  cheracter- 
i s t i c s  of a~ 8 2 O  de l t e  wlng with dihe6rel  mgles of Oo a d  f30° i n  cam- 
binetion with f i m  of  different  Lengths and a high-fineness-ratio body 
of revolxtion  indicates  the  Tollowir~g  conclusions: 



1. Chmges io wing dihnedral angle fram 0' t o  f30° reduced the Uft- 
curve sloDes of the raodel. "hese  reductions were ref lected  in  tile drag 
poles s o  that appreciabl-y higher  drag a t  a given l i f t  coefficient was 
evident for the wings w i t h  dihedral. 

2. A l l  three complete-model configurations were longitudinally  stable 
through most of t5e angle-af-attack and l i f t  range. 

3.  A medium-length f i n  that extended from the  point  about which the 
momer-ts were measwed (abort 58 percent of the  fuselage  length)  to  mprox- 
ixetely 95 percent of the  fuselage  length,  provided  the  greatest  direc- 
t iona l   s tab i l i ty .  

4. All cmfigurations with f ins  on tap of the  fuselage had posit ive 
effective  dihedral  throughout  the l i f t  range,  whereas, for  the  configura- 
t i on  wit'n the f i n  on the bottom, 3egztive dihedral effect  occurred for 
a l l  f i n  lengths i n   t h e  lcwer l i f t  rawe.  Moreover, the  configuration 
?wing   t he   l uge   f i n  below the  fuselege, Fn combination with  the 30° dihe- 
drel wing oravided  increasing  values of negative  dihedral  effect  with 
increasing  angle o f  attack. 

Langley Aeronautical  Laboratory, 
National Advisory Comittee  for Aerona-ctics, 

Lmgley  Field, Va., December 12, 1955. 
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(a) Stabili+,v axes. 

V 

(b) k d y  axes. 

Figme 1.- Systems of axes used. Positive directions of forces and 
nonien-ts are ir,dicated by arrows. 
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t . 94 3 
( 2 )  

r =oo 
r=30° 

Figure 2.- Test model showing de-lails of vaious corfigurartions enployed. 
All dimensions m e  i n  inches. 
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Angle of ottack, a, deg 

(a) Stabi l i ty  a e s .  

FTgure 3 . -  Variation of longitudinal  coefficients +n pitch of the var- 
ious wing-fuselage combirations w-d fusehge  alone about the sta- 
b i l i t y  an2 body axes. q = 60. 
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Figure 3 . -  Continued. 
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(b) Body  axes. 

Figure 3. -  Concluded. 
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(a) S tab i l i ty  axes. 
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Figure 4. - Vaxi&tian of lateral coefficients w i t h  -$le of sidesl5p f a r  
model with = 0 m d  1.OOci; f i n  about the s t ab i l i t y  and body axes. a 

q = 40. 
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(b) Body axes. 

Figure 4.- Concluded. 
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(b) BoQ axes. 

Fi,rgue 5.  - Cocchded . 
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(e) Stabi l i ty  axes. 

Figure 6.- Varh t ion  of leteral-stabil i ty  pzraneters  with angle of attack 
and l i f t   coe f f i c i en t  aboct  the  stabil i ty and body axes. EkFfects of 
negztive dXhedrd a d  fin size; f i n s  above fuselage; q = 60. 
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(a Concluded. 

Figure 6 .  - Contimed . 
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(b) Sody axes. 

Figure 6.- Continued. 
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(b) Ccncluded. 

Figure 5 . -  Concluded. 
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- 
(a )   S tab i l l ’  ’zy sxes. 

- Figure 7.- Varigtion of l a t e r a l - s t a b i l i t y   p a r m t e r s   w i t h  angle of athack 
and l i f t   coe f f i c i en t  about the s t a b i l i t y  and bow  axes.  EfTects or“ 
dihedrzl and fin size; fins below fuselage; q = 60. 
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Figure 7.- Contimed. 
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(b) Body 2xes. 

Figure 7. - Contimed. ' 
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Figzre 7. - Concluded. 
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(a)  Stabillky axes. 

Figure 8.- Vmiation of laterel-stability parmeters with mgle of  &,-Lack 
and 1if-i coefficient  about the stability and body axes. Effects of 
raov ing  fins and wing; a_ = 60. 
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Figzre 8. - Continued. 
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